Introduction
In laying hens, the primary sources of progesterone are the granulosa cells of the five largest (Fj -* F5) follicles in the hierarchy of the ovary. Progesterone produced by the Ft follicle makes the major contribution to the preovulatory peak of progesterone (Etches & Cunningham, 1976; Wells et al., 1980 Wells et al., , 1983 Wells et al., ,1985 Hammond etal, 1981; Gilbert & Wells, 1984; Etches, 1984) . Androgens are produced by the thecal cells of F2 and F3 follicles which also aromatize these androgens to oestrogens (Imai & Nalbandov, 1971; Huang & Nalbandov, 1978; Gilbert & Wells, 1984; Armstrong, 1985) . However, some authors argue that the small white follicles (<5mm in diameter) of the ovary are the major source of oestrogens since they are responsible for about 87% of the total ovarian content (Senior & Furr, 1975; Gilbert & Wells, 1984; Armstrong, 1985) . Production and secretion of progesterone are mainly controlled by luteinizing hormone (LH) (Culbert et al., 1980; Wells et al., 1980 Wells et al., , 1985 Hammond et al., 1981) . The regulation of oestradiol secretion by the thecal cells is less clear (Bahr et al., 1980) . While there is some evidence to suggest that, besides the possible involvement of LH, follicle-stimulating hormone (FSH) also has a regulatory role (Imai & Nalbandov, 1978) , other investigators claim that FSH is only weakly steroidogenic.
During forced moulting, cessation of egg production occurs with ovarian atrophy (Smith et al., 1957; Brake & Thaxton, 1979;  Berry & Brake, 1985; Verheyen, 1986) . Follicular atresia is the result of a reduced LH stimulation due to the refractoriness of the hypothalamus and probably also the pituitary to progesterone stimulation during fasting (Tanaka et al., 1974; Johnson & Van Tienhoven, 1980) . However, Hosoda et al. (1955) , Morris & Nalbandov (1961) and Imai et al. (1972) reported that follicular atresia of the ovary of fasted hens was prevented by administration of gonadotrophic hormones or crude avian pituitaries. Moreover, ovulation was induced by injection of LH in gonadotrophin-treated hens that had been fasted for 1-11 days (Morris & Nalbandov, 1961 On the same days as LH injections and blood sampling, 8 hens from each treatment group were slaughtered by cervical dislocation. Their ovaries were removed for the study of the follicle distribution. For each ovary, the follicles were placed in three classes according to their diameter: (1) follicles with a diameter from 1 to 4 mm (white and small yellow follicles); (2) follicles with a diameter from 4 to 9 mm (small and larger yolky follicles; (3) follicles with a diameter greater than 9 mm (large yolky follicles). For all ovaries the mean number of follicles in each size class was calculated.
Radio imm unoassay
Plasma progesterone and oestradiol concentrations were measured by radioimmunoassays using the technique developed by Cailleau (1979) with standards ranging from 12-5 to 1000 pg/ml. Both steroids were extracted from plasma with cyclohexane:ethylacetate (1:1, v/v). The mean recovery after extraction was 97-3 + 3-7% (n = 20) for
[3H]oestradiol and 93-6 ± 3-2% («= 18) for [3H] progesterone. The precision of both procedures was evaluated by the coefficient of variance (100 s.d./mean). For the progesterone measurement in the hen plasma the intra-and interassay variability were respectively 6-2 and 10-5%. In the oestradiol assay, the intra-and interassay variabilities were 5-3 and 9-9% respectively. Further purification of the hormone for oestradiol assay was performed by Sephadex LH-20 microcolumn chromatography.
The cross-reactivities of the progesterone antiserum were 31% for 17a-hydroxyprogesterone, 915% for pregnenolone and <0-25% for other progestagens, androgens and oestrogens. The % binding of the antiserum in the presence of lOpg/tube and Opg/tube was significantly different (P < 001), which means a high sensitivity, with a detection limit of 10 pg/tube.
The oestradiol antiserum had a cross-reactivity of 3-33% with oestrone, 0-31% with oestriol and <0-01% with androgens. The % binding of the antiserum in the presence of 5 pg oestradiol was significantly different from 0 pg (P < 001).
Statistical analysis
A paired t test was used to evaluate the response of progesterone and oestradiol to LH treatment. At each time interval, absolute post-injection hormone values were compared to those before injection.
Results

Follicle distribution in the ovary
The ovary of a laying hen contains many small white follicles and a few yolky follicles of different diameter (Day 0, Table 1 ). When hens are subjected to forced moult, the normal size hierarchy and development of ovarian follicles is disturbed, depending on the method used. Cessation of egg production in fasting hens is accompanied by an increase in the number of small follicles and atrophy of the large yolky follicles. At Day 23, regression of the ovary was complete and follicles with a diameter 9 mm or more, being the main source of progesterone, were absent. Reformation of the follicular size hierarchy started after resumption of feeding a laying mash (Table 1 ). The initial distribution was restored in the second laying cycle.
In calcium-deficient hens, the mean ovarian regression was less pronounced. Some hens stopped egg production accompanied by follicular atrophy, others continued egg laying but at a lower rate.
The follicle distribution of hens fed a high-zinc diet was comparable to that of fasting hens ( ±3-6 ±2-1 ±0-3 +3-6 ±2-1 ±0-3 ±3-6 ±2-1 +0-3
Day 8 ±2-8 ±3-5 ±0-2 ±1-6 ±1-2 ±0-3 ±3-0 ±20 ±0-3
Values are mean ± s.e.m. for the no. of follicles/ovary (from 6 to 10 ovaries).
Response ofprogesterone to exogenous LH Experiment 1. At the end of the first laying period, mean plasma progesterone concentration was 752 pg/ml. An injection of200 i.u. LH stimulated a 40% increase (P < 0001) by 20 min after injection (Fig. 1) (Fig. 1) (197 pg/ml) in the fasted hens than in control hens on Day 0 (228 pg/ml).
The control oestradiol values (228 pg/ml) were slightly elevated in Ca-deficient hens (258 pg/ml). At the start of the second production period, oestradiol concentration was reduced to 181 pg/ml (Day 35), but exceeded the initial level at Day 77. Despite the remarkable differences between total oestradiol concentrations of fasting and Ca-deficient hens, the response to exogenous LH was similar for both treatments and remarkably high in contrast to the absence of an oestradiol response to LH in laying hens (Fig. 1) .
Discussion
Fasting laying hens causes an immediate atrophy of the maturing ovarian follicles followed by interruption of egg production (Smith etal., 1957; Brake &Thaxton, 1979; Verheyen, 1986) (Table 1 ). Follicular atrophy is followed by a sharp decrease in plasma progesterone which is mainly produced by the granulosa cells of the 3 largest follicles (Etches, 1984; Wells et al., 1985) . Exogenous ovine LH when added to incubated granulosa cells produces a 7-to 10-fold increase in the in-vitro concentration of progesterone (Hammond et al., 1978 (Hammond et al., , 1981 Wells et ., 1980) . Similarly, intra¬ venous injections of ovine LH stimulated matured granulosa cells to produce progesterone (Culbert et al., 1980; Hammond et al., 1981; Wells et ai, 1983 ).
At Day 7 or 8 after beginning the fasting treatment, we can assume that the surviving small yellow follicles (Table 1) and the large atretic follicles continue to secrete small amounts of pro¬ gesterone after LH stimulation (Wells et al., 1982) . During wheat bran feeding (Day 21 and 23), ovarian and oviduct regression were complete (Decuypere et al., 1986; Verheyen, 1986) and the ovary failed to respond to exogenous LH due to the absence of the main progesterone source (follicles >9mm in diameter). After refeeding the laying mash (Day 35) the reproductive organs gradually recover their initial weight and a few larger ( > 9 mm diameter) follicles appear (Verheyen, 1986) (Table 1) accompanied by an increase in plasma progesterone concentration. Follicular maturation was still incomplete, thus limiting egg production. Nevertheless, the small follicles that contain a small number of granulosa cells (Wells et al., 1983) and therefore are likely to have a small population of LH receptors as suggested by Etches (1984) , start to recover their progesterone response to exogenous LH ( Fig. 1; Table 2 ). During the second production period (Days 71 and 77) the egg laying percentage was restored or even elevated (Verheyen et ., 1983) , as were the original progesterone concentrations and the response to LH. Leszczynski et al. (1985) postulated an increased progesterone sensitivity to endogenous LH for more productive hens. In our exper¬ iments, however, hens at Day 0 and fasting hens showed nearly the same progesterone response to exogenous LH.
Feeding a high-zinc diet appeared to be a more severe treatment than fasting. The hens fed a high-zinc diet maintained minimal progesterone values after Day 35 and they did not regain the capacity to respond to an LH injection as did the fasted hens. These conditions are correlated with the delayed redevelopment of yolky follicles for the zinc-treated hens at Day 35 (Table 1 ). Nevertheless, the production level of these hens in the second laying period parallels that of the fasted hens (Verheyen et ai, 1983) . Calcium-deficient hens had a less pronounced reduction of total progesterone concentrations and showed a greater variability: some hens ceased egg production but others continued egg laying at a reduced rate (Verheyen et ai, 1983) . The sensitivity to exogenous LH at Day 7 or 8 may be related to the relatively high plasma oestradiol concentration since oestrogens are responsible for growth and maturation of the granulosa cells (Armstrong, 1985 (Imai & Nalbandov, 1978) . To these authors, the presence of FSH in the crude pituitary extract should have been responsible for the oestradiol response. Taking these observations into consideration the pro¬ nounced response of oestradiol to LH in our moulting hens seems unusual. Since basal oestradiol concentrations were only slightly reduced and mature, yolky follicles were absent, the small white follicles must be an important source of oestrogens, as observed by Senior & Furr (1975 However, a response to LH was also observed in Ca-deficient hens which maintained their initial plasma oestradiol concentration, which argues against this hypothesis. Another possibility is that the high progesterone production and secretion in laying hens inhibits the oestradiol response to exogenous LH. This hypothesis is based on studies in mammals in which progesterone, whether given in vivo or added to isolated follicles or granulosa cells in culture, suppresses subsequent oestradiol production (Saidapur & Greenwald, 1979; Bahr et al., 1980; Schreiber et al., 1981) . After elimination of the inhibiting effect of progesterone by atrophy of the ovary in non-laying hens, stimulation of oestradiol production and secretion by injection of horse LH is possible. If FSH should be the major factor regulating oestradiol secretion it may also be suggested that exogenous LH binds to FSH receptors of the small white follicles in the absence of LH receptors. This hypo¬ thesis is supported by the observation of Katzenellenbogen (1980) that hormones may occupy the receptor sites of structurally analogous hormones.
After refeeding (Day 35) the response of oestradiol to exogenous LH decreased, possibly as a result of the redevelopment of follicles and granulosa cells with an increased number of LH recep¬ tors and increased progesterone production, or because oestradiol production and secretion again reached a maximum. The lower basal oestradiol values in the second production cycle (Day 77) may be related to the higher productivity compared to control hens at Day 0 (Leszczynski et al., 1985) 
